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ABSTRACT 


Measurements have been made of gamma-gamma angular correlations for tran- 
sitions in Pr}92 following B -decay of 1r192, Our measured correlation function of 
the 468-316 keV cascade is in agreement with previous measurements and confirms 
the assignment of spin 4 to the 784 keV level. By measuring the 300-300 keV correla- 
tion and the 600-300 keV correlation we are able to assign a spin of 3 to the 921 keV 
level. The correlations of the 600-300 keV, 588-613 keV and 885-316 keV cascades 
require a spin of 4 for the 1201 keV level. A measurement of.the correlation of 
1065-316 keV cascade allows either spin 3 or spin 4 for the 1381 keV level. Thus 
the levels at 613 keV, 921 keV and 1201 keV have spins 2, 3 and 4 respectively. 
Data on B-decay of irl92 and multipoles of the gamma rays suggest that these 
levels have positive parity. From this and other evidence we argue that these levels 
form a rotational band with K = 2 based on the gamma-vibrational level at 613 keV. 
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INTRODUCTION 


On f -radiation, 1r192 decays into Prl92, In comparison with other even-even 
nuclei in this region of the periodic system, the Pt!92 nucleus has been subjected 
to relatively little investigation. 

The level scheme for Pt92, according to Nuclear Data Sheets [1], is 
shown in Fig. 1, including our results for spin of the levels and multipole orders of 


SPIN keV 


0.5% 
(3, 4) 136! 


15% 
st 1201 
416.6 
41% 784.5 
308.4 pa 
1065 6045 468 | 
ot 0 
192 
Pt 


Fig. 1. Scheme of decay for Pt!92, 


the transitions. For the first three excited levels at 316, 613 and 784 keV the spins 
and parities are known with certainty to be 2+, 2+ and 4* respectively. These levels 
are considered to be collective levels in accordance with the unified model of 


Bohr-Mottelson for nearly spherical nuclei. Spins and parities for the higher levels 
have been proposed by means of measurement of the angular correlations of gamma 
cascades [2-- 7] and internal conversion coefficients [3, 8, 9]. But there still 
exists a lack of clarity as to the spin for the levels of 921 and 1201 keV. Spins of 
both 3 and 4 have been proposed for each of these levels. 

This investigation of angular correlation of gamma cascades was made in order to 
determine the spin of the 921 keV, 1201 keV and 1381 keV levels. We then attempted 
to incorporate them in the system of collective levels which there is reason to 
assume on the basis of comparison with adjacent even-even nuclei in the periodic 
system. 
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APPARATUS 


For the measurements, we used two Nal(Tl) gamma detectors, acquired from 
the Harshaw Chemical Co. Inc. The crystals were 5 inches in diameter and 4 
inches in thickness. The crystals were coupled to Du Mont 6363 photo-multiplier 
tubes. The resolutions for the 662 keV Cs137 gamma ray were 8.4 % and 9.9 %. 
On the sides, the crystals were shielded by 5 cm lead. At the front were located 
lead cones to prevent “scattered quanta” from reaching the crystals. Inside the lead 
shield were thin sheets of cadmium and copper. 

The photo-multipliers were linked to White cathode followers, and the amplifiers 
used were of Fairstein type from Franklin Electronics Inc, The coincidence circuit 
was supplied by Dynatron Radio Ltd., and was of Type A.E.R.E. 1036 C, The 
resolving time was 0.1 mw sec. 

Gamma ray and coincidence spectra were measured by means of a 100-channel 
kick-sorter of Hutchinson-Scarrot type, from Marshall of Cambridge Electronics Ltd. 
A more detailed description of the apparatus is to be found in an earlier publica- 
tion [10]. 


COUNTS | CHANNEL 


The source material Ir!92, NagIrClg in HCl solution, was obtained from Harwell. 
The liquid source was placed in a cylindrical container of polystyrene; the walls 
of the container were 0.5 mm and the inner diameter 1 mm. The length of the 
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Fig. 2. Gamma ray spectrum of Pt192 taken without lead absorber. 
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Fig. 3. Gamma ray spectrum of the area 700-1200 keV of pri92, 
taken with 7.8 mm lead absorber. 


sources varied between 2 and 6 mm. The size of the source obviated the need for 
correcting the results of measurement. 

The distance between the source and the front surface of the detectors was 19.2 
cm. The source was centred to an accuracy of 1 %; i.e. the counting rate of the 
movable detector was constant to within 1 per cent for all positions of the detector 
during the measurements. 

Lead absorbers of different thicknesses were used. Fig. 2 shows a gamma ray 
spectrum of pri92 and Fig. 3 a spectrum of the range 700+ 1200 keV of pri92 
taken with 7.8 mm of lead in front of the detector. The absorbers used in the 
measurements are described in more detail in the section on results. 
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Coincidences were collected at every 15 degrees for angles between the detectors 
from 90 to 270 degrees. The coincidence data for each angle represent the sum of 
many measurements made at different times and with different sources. 

After the experimental results had been corrected for accidental coincidences, 
they were divided by the product of the number of counts from the detectors, which 
corrected for small variations introduced by electronic drift and for errors in cen- 
tring the source. By the method of least squares we obtained the empirical function 


In the following section we compare the experimental functions of correlation with 
the theoretical functions W(©);peor» Calculated according to the Tables of Sharp 
et al. [11], but using the conventions of Biedenharn and Rose [12]. The 
theoretical functions have been modified to correct for the solid angle of the detec- 
tors. Gove and Rutledge [13] made a theoretical calculation of the solid angle 
correction factors for 5" x 4" crystals, according to a method of Rose [14]. We 
used these correction factors after checking them empirically by a method reported 
by Lawson and Frauenfelder [15]. Close agreement was found to exist be- 
tween the theoretical and the experimental correction factors. In the present work 
the theoretical coefficients Ag and Aq are corrected by factors 0.872-0.880 and 
0. 628-0. 650 respectively, depending on the transition energies involved. The ex- 
perimental procedure is described in detail in reference [10]. 
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RESULTS 


468-316 keV CORRELATION 


The 468-316 keV gamma cascade between the 784 keV level and the ground 
state was measured with 1 mm Pb for each crystal. One crystal detected the gamma 
radiation within the window 435-510 keV, and the other within the window 275-340 
keV. However, a contribution was also obtained from another correlation. This 
contribution was determined by measuring gamma ray and coincidence spectra, 
The correlation in question acquired a contribution from the 600-300 keV correlation, 
which according to our measurements was 1.5% at © = 90°, In addition, a contri- 
bution was obtained from the 417-(173)-300 keV correlation; however, this was 
left out of account, as its intensity was very small. 

The measurement was made with 1.2 x 106 true coincidences, and the following 
experimental correlation function was obtained, after correction for the contribution: 


W(Qexp = 1 + (0.0897 0.0037) Po(cos ©) + (0.0031 +t 0.0044) P4(cos ©) 


The theoretical correlation function, corrected for solid angle, for the sequence 
4(E2)2(E2)0, is 


W(©):heor = 1 + 0.0893 Po(cos@) + 0.0058 P4(cos ©). 


The result is shown in Fig. 4. 

By means of internal conversion measurements, Bashilov et al. [s], Bag- 
gerly et al. [3] and Kelman et al. [9] confirm that the 468 keV and 
316 keV gamma rays are pure E2 transitions. Our experimental result agrees splen- 
didly with that calculated theoretically for spin 4 for the 784 keV level. 
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Fig. 4. Angular correlation of the 468-316 keV cascade. The 
curve A is the least square fit to the experimental points. 


300-300 keV CORRELATION 


The angular correlation of the 300-300 keV gamma cascades from the 921 keV 
and the 613 keV levels was measured with 1 mm of lead in front of each crystal. With 
the 275-350 keV windows for both crystals, the correlations measured constitute 
a total of three correlations, those for 308-296 keV, 308-(296)-316 keV, and for 
296-316 keV. By use of the relative intensities of Baggerly et al. [3] and 
our windowsetting, the contribution of each cascade to the coincidence rate was 
calculated, with the following results: 


308-296 keV cascade 31.4 % 
308-(296)-316 keV cascade 31.4 % 
296-316 keV 37.2 % 


In taking the measurements, contributions were also obtained from the 600-300 
keV and the 468-316 keV cascades. These contributions were determined to be 
2.2% and 3.1% respectively at © = 90°. 
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Fig. 5. Angular correlation of the 300-300 keV cascade. The 
curve A is the least square fit to the experimental points. 


The measurements comprised 1.6 x 106 true coincidences. The following experi- 
mental angular correlation was obtained: 


W(Qexp = 1 (0 0446 0.0032) Pa(cos @) + (0.0601 0.0038) P4(cos 6). 


The theoretical angular correlation curves were calculated with different mixing 
parameters for the 308 keV and 296 keV gamma rays and for a spin of either 3 
and 4 for the 921 keV level. We assume the 316 keV transition to be a pure E2 
radiation. Our calculations of multipole mixtures are also based upon internal con- 
version measurements [3, 8, 9] and the Tables of Rose [16] and Sliv & Band 
[17]. The curves of most interest are reproduced in Fig. 5. 

Spin 4. The shape of our experimental curve differs from that calculated 
theoretically for this spin assumption. The closest agreement was obtained if we 
had a 4(E2)2(E2)2(E2)0 or a 4(E2)2(0.2% Ml + 99.8% E2)2(E2)0 sequence with a 
negative value for the mixing parameter 0. 
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Spin 3. Complete agreement with the experimental curve was obtained for 
mixing ratios between the following limits 


3(T%> M1 + 93% E2)2(1% M1 + 99% E2)2(E2)0, 
3(2% M1 + 98% E2)2(5% M1 + 95% E2)2(E2)0 


with 6 negative for both gamma rays. 

This is in close accord with the results of internal conversion measurements made 
by Kelman et al. [9], whose result allows a 9% M1 admixture in the 308 keV 
and a 6% Ml admixture in the 296 keV gamma ray. Similarly, agreement was 
attained with the results of Baggerly et al. [3]. We do not get agreement if 
either the 308 keV or the 296 keV ray is considered to be a pure E2 radiation. 

From the above, we conclude that our determination of the 300-300 keV cor- 
relation is in agreement with spin 3 for the 921 keV level, but not with spin 4. 


600-300 keV CORRELATION 


This correlation is concerned with the levels 1201, 921, 613 and 316 keV, along 
with the ground state. In this measurement the windows were kept at 275-355 keV 
and 565-655 keV. For the first detector, no absorber was used, whereas for the 
second, 10 mm of Pb was used. By this window-setting the experimental correlation 
was a composite of correlations of four cascades: 588-(296)-316 keV, 588-296 kev, 
604-316 keV, and 308-613 keV. A small contribution was obtained from a correlation 
made up of the sum peak of two 300 keV rays in coincidence with 300 keV. In 
comparison with the intensy of the cascades of 600-300 keV, the intensity of the 
correlation concerned was so small that the contribution could be ignored. 

The measurements were performed with 5.5 x 10° true coincidences, and the 
experimental angular correlation was: 


W(Qexp = 1 - (0.205 0.004) Po(cos ©) = (0.029 0.006) P4(cos®). 


‘he intensities of the four cascades were calculated in a way similar to that 
employed for the 300-300 keV correlations, and the results were: 


588-(296)-316 keV cascade 16.5 % 
588-296 keV cascade 16.5 % 
604-316 keV cascade 44.5 % 
308-613 keV cascade 22.5 % 


Theoretical calculations were made with spins of 3 and 4 for the 921 keV and 
1201 keV levels. In order to limit the number of cases which had to be considered, 
we assumed the multipole orders given by Baggerly et al. [3] and Kelman 
et al. [9] and the mixing parameter found in our measurement of the 300-300 
keV cascade. In the following, the sub-headings first state the spin for the 921 keV 
level and then the spin for the 1201 keV level. 
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Fig. 6. Angular correlation of the 600-300 keV cascade. The 
curve A is the least square fit to the experimental points. 


Spin 4-4. All combinations gave a positive anisotropy, and the case was 
impossible. 

Spin 4-3. Here also, the results achieved gave only positive anisotropies. 
Since neither the spin combination 4-4 nor 4-3 is in agreement with the experi- 
mental result, we conclude that the spin of the 921 keV level is not 4. 

Spin 3-3 and 3-4. It can be assumed that the 316 keV and the 613 keV 
gamma rays are pure E2 radiations. The cases in which we found agreement have 
been incorporated in Table I. Here, it was assumed that the 296, 308 and 604 
keV rays were Ml + E2 mixtures, whereas the 588 keV gamma ray could be either 
an M1 + E2 or an E2 + M3 mixture. 

In deciding which alternative in Table 1 was possible, we took into account the 
internal conversion coefficients. In all the alternative forms, the M1 admixture 
for 296 keV and 308 keV gamma rays falls within the limits of error for the 
internal conversion coefficients of Kelman et al. [9] and of Baggerly et 
al. [3]. According to the results of Kelman et al., the 604 keV ray can contain 
9 -- 23% M1 admixture. According to Baggerly et al., the @, value requires that the 
588 keV ray be pure E2 radiation, while the @, 4 1, value allows a 7% Ml 
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Possible values of parameters to fit data from the 600-300 keV correlation 


measurement, 


Table I 


Level M1 or M3 mixture in gamma rays 
921 keV |1201 keV | 296 keV |4| 308 keV | 6 | 588 keV | 6] 604 kev | 6 
Spin 3 Spin 3 3% Ml |-| 3% Ml |- | 50%M1|-| 14%M1 | - 
Spin 3 Spin 4 5 % M1 |-| 2 % | - 0 % Mi 20% M1 | + 
Spin 3 Spin 4 3% M1 |-| 3 % Mil | - | 10% M3 14% M1 | + 
Spin 3 Spin 4 5 % Ml |-| 2% Ml 4%M3 14% M1 | + 


admixture. For the 604 keV ray, 14% Ml admixture should be possible, according 
to Baggerly et al. 

The first possibility, spin 3-3, discussed above, is excluded because the 588 keV 
transition would contain 50% Ml. This does not agree with the internal conversion 
measurements. Only the first of the three following cases in Table | can be approved. 
This is in agreement with the allowable M1 admixture, in the 604 keV ray. An 
E2 + M3 mixture for the 588 keV ray is hardly likely, because even a 4% M3 
proportion would give @, = 0.023, against the 0.011 of Baggerly et al. [3]. 

Accordingly, we can establish that for the 1201 keV level, spin 4 is in closest 
agreement with our experimental results. Nevertheless, spin 3 cannot be definitely 
excluded. 


588-613 keV CORRELATION 


The angular correlation of the gamma cascade from the 1201 keV level to the 
ground state was measured with the windows at 550-650 keV. Ten mm of lead was 
used as absorber in front of both detectors. In this way, no contribution from similar 
or higher energies was found, but on the other hand there was a substantial con- 
tribution from the correlation of the 300+300 keV sum peak. On the curve shown 
in Fig. 7 one can see a dip from 90° ~- 120°, which shows that this is the case. 
The same phenomenon appears in the measurements of Kelly and Wiedenbeck 
[4], but in appreciably stronger form. 

From the measurement based upon 51000 true coincidences, the following ex- 
perimental angular correlation was obtained: 


W(®)exp = 1 + (0.087 t 0.019) P2(cos ©) + (0. 057 0. 023) P4(cos ©). 


For the theoretical calculations carried out for spins 2, 3, 4 and 5, we assumed 
the 613 keV gamma ray to be pure E2 radiation. For the 588 keV gamma ray, we 
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Fig. 7. Angular correlation of the 588-613 keV cascade. The 


curve A is the least square fit to the experimental points. 


made computations for those mixtures allowed by internal conversion measurements. 
Baggerly et al. [3] stated 588 keV to be pure E2 radiation. Bashilov et al. 
[3] gave Ml + E2. We made a comparison of Baggerly“s values @, = 0.011 and 
@Ly + Ly = 9-0031, along with Bashilov’s K/L = 6.4, with the theoretical value 
of Rose [16] and Sliv and Band [17]. This comparison is given in Table II. 
The K/L value of Bashilov et al. is too big; they stated K/L = 5.6 for the 


613 keV gamma ray, which is 


pure E2 radiation, The corresponding theoretical 


value is 4.25. Bashilov gives K/L = 6.4 for the 588 keV ray, which compared 


Table Il 


Comparison of theoretical values of internal conversion coefficients for the 
588 keV transition. 


+ Ly K/L 
Multipole 
Rose | Sliv & Band Rose Sliv & Band | Rose | Sliv & Band 
E2 0.013 0.013 0. 0028 0. 0029 4.0 4.0 
M1 0. 044 0. 043 0. 0067 0. 0072 6.5 5.9 
M3 0. 265 0. 260 0. 0635 0. 0590 3.8 4.0 


with his value for the 613 keV ray indicates Ml + E2 mixing. Baggerly’s result 
for @y gives pure E2 radiation, but the G+ Ly value allows a weak M1 + E2 
mixture, with a maximum of 7% M1 admixture. The internal conversion result 
completely excludes E2 + M3 mixtures. 

In Fig. 7, there are given the results of our theoretical calculations for spins 
of 2, 3, 4 and 5 for the 1201 keV level. The best agreement was achieved for 
spin 4 and 588 keV pure E2 radiation, and for spin 3 with 20% M1 + 80% E2 
(0 < 0) mixture in the 588 keV ray. The last-mentioned result does not fall within 
the limits admitted by the internal conversion result, and the shape of the curve 
is in less agreement with the experimental curve than the preceding alternative. 
Furthermore, the sequence 2(M1 + E2)2(E2)0 is in accord with the experimental 
result, but it should be possible to exclude this alternative, since the Ml + E2 
mixture would contain 97% M1. We thus obtained spin 4 as the most probable 
one for the 1201 keV level, but spin 3 cannot be excluded. 


885-316 keV CORRELATION 


The gamma cascade which has its origin in the 1201 keV level was measured with 
10 mm of lead in front of the crystal which detected the 885 keV gamma ray, 
and with no lead in front of the other crystal. The windows were set at 850-950 
keV and 275-340 keV. As we used 10 mm of lead as absorber, it can be assumed 
that possible sums of less energetic gamma rays were efficiently prevented from 
reaching the detector. Calculations were made which supported this assumption. 
In the process of measurement, however, we obtained contributions from higher 
gamma energies, primarily 1065 keV. The contribution from the 1065-316 keV 
correlation was measured to be 4.7% at © = 90°, In addition, we obtained a 


small contribution from a plateau under the 885 keV gamma peak. This plateau 
was due to gamma energies in excess of 1065 keV. This contribution and its angular 
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Fig. 8. Angular correlation of the 885-316 keV cascade. The 
curve A is the least square fit to the experimental points. 


correlation were measured with one range, 1200-1300 keV. The contribution to the 
885-316 keV correlation proved to be 1.6% at © = 90°. 
The experimental result for 43300 true coincidences was: 


= 1+ (0.078 + 0.012) Py(cos ©) - (0. 003 0. 015) P4(cos ©). 


The theoretical W(@) functions were calculated for spins of 1, 2, 3, 4 and 5 
for the 1201 keV level and agreement was obtained for the spin sequences: 


2(M1 + E2)2(E2)0 O=- 0.21 + 0.03 (95.7% Ml + 4.3% £2) 
3(M1 + E2)2(E2)0 - 0.22 0.03 (95.3% Ml + 4.7% £2) 
4(E2 + M3)2(E2)0 d= - 0.023 + 0.025(99. 95% E2 + 0.05% M3). 


It can be observed from the results that spins 2 and 3 are valid if the 885 keV 
gamma ray is almost pure M1 radiation, while spin 4 is valid if the ray is almost 
pure E2 radiation. Baggerly et al. [3] and Bashilov et at. [3] measured 
the internal conversion for the 885 keV transition. Baggerly et al. obtained @, = 
0.007, whereas Bashilov et al. found K/L = 4.0. We present in Table III the 
corresponding theoretical values according to Rose [16] and Sliv and Band [17] 
for different multipole orders. 
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Table III 


Comparison of theoretical values of internal conversion 
coefficients for the 885 keV transition. 


ae K/L 
Multipole 
Rose Sliv & Band | Rose | Sliv & Band 
E2 0. 0056 0. 0056 5.1 a | 
Ml 0. 0155 0.0150 6.5 5.9 
M3 0. 0740 0. 0730 4.5 4.6 


If one proceeds from Baggerly“s determination of @,, and compares it with the 
theoretical values, one concludes that the actual mixing should be 13% M1 + 87% E2 
or 98% E2 + 2% M3. The latter result provides splendid agreement with the se- 
quence 4(E2 + M3)2(E2)0. The former disagrees completely with the experimental 
mixing parameters for spins 2 and 3. Bashilov’s value for the K/L ratio also makes 
an E2 + M3 mixture more likely than an M1 + E2 mixture. 

Therefore, we can state that according to the result for the 885-316 keV correla- 
tion, we achieved close agreement for spin 4 for the 1201 keV level, and, on the 
basis of the intemal conversion coefficients [16, 17], we can exclude spins 2 
and 3. 


1065-316 keV CORRELATION 


The 1065-316 keV gamma cascade, proceeding from the 1381 keV level, was 
measured with 7.8 mm and 10 mm lead in front of the 1065 keV detecting crystal. 
There was no absorber before the other crystal. The cascade was measured with 
windows at 275-340 keV and 1010-1150 keV. No difference was seen in the results 
if 7.8 or 10 mm lead was used, which shows that 7.8 mm was sufficient to absorb 
possible sum peaks in the 1010-1150 keV range. However, we did obtain a con- 
tribution from a plateau under the 1065 keV peak as we had had with the 885-316 
keV correlation. Here, the contribution amounted to 4.4% at © = 90°. 

After correction for the above-mentioned contribution, the correlation function 


1 - (0. 088 0.016) P,(cos ©) - (0. 002 t 0.019) P4(cos ©) 


was obtained. The correlation is based upon 52000 true coincidences. The theo- 
retical W(@) functions were calculated for spins 1, 2, 3, 4 and 5, assuming the 
316 keV ray to be pure E2 radiation. Agreement was achieved for the following 
spin sequences: 
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Fig. 9. Angular correlation of the 1065-316 keV cascade. The 
curve A is the least square fit to the experimental points. 


1(98. 3% D+ 1.7% Q)2(E2)0 
3( 1.7% D + 98.3% Q)2(E2)0 
3(99. 9% D+ 0.1% Q)2(E2)0 
4(93. 9% O + 6.1% Q)2(E2)0 


where D, Q and O indicate dipole, quadrupole and octupole multipoles respectively 
As far as we know, the multipole order of 1065 keV radiation has not previously 
been determined. Thus we cannot on the basis of multipole determinations choose 
between the above alternatives. Nevertheless, we should be able to exclude spin 1, 
as the -radiation to the 1381 keV level has log ft = 7.3. The B-decay is then 
first forbidden, and spin 1 is impossible. Spins 3 and 4 remain. On the basis of 
our measurements, neither can be excluded, and as a result spin 3 or 4 is reported. 


DISCUSSION 
7184 keV LEVEL 


Our result of spin 4 is in complete agreement with the earlier determinations of 
Baggerly et al. [3], Kelly aad Wiedenbeck [4], Shiel et al. [5]. 
and Kawamura et al, [7]. The parity is considered even, because of the 
E2 radiation to the 316 keV level, which has 2+, 


921 keV LEVEL 


We are able io fix the spin for this level at 3, through the correlations 300-300 
keV and 600-300 keV. Both correlations were in agreement only with spin 3. 

Our result agrees with the results of Shiel et al. [5] and Kawamura et 
al. [7]. Kelly and Wiedenbeck [4] also gave 3 as the most probable among 
their alternatives (2, 3, 4 or 5) and Kelman et al. [9], on the basis of their 
result that the 604 keV gamma ray is a mixture of Ml + E2, gave spin 3. Conversely, 
Taylor and Pringle [2] and Mr4z [6] gave spin 4, while Baggerly et al. 
[3] were unable to choose between 3 and 4. The parity should be even according 
to the log ft = 8.3. 


1201 keV LEVEL 


This level was investigated with the correlations 600-300 keV, 588-613 keV and 
885-316 keV; of these, the last-mentioned had not been measured previously. The 
two first-mentioned correlations gave spin 4 as the most probable, but spin 3 cannot 
be excluded entirely. However, the last correlation afforded agreement with spin 4 
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alone. We thus report spin 4 for the 1201 keV level. Baggerly et al. [3] 
obtained the same result, whereas Shiel et al. [5] reported spin 3. The parity 
should be even, on the basis of the log ft-value. 


1381 keV LEVEL 


To date, no spin determinations exist for this level. Because of our large crys- 
tals, we were able to measure the angular correlation of the 1065-316 keV cascade. 
Agreement was achieved for both spin 3 and spin 4. On the basis of our measure- 
ments, no choice is possible between these spins, and we report spin (3,4). The 
parity must be considered as uncertain. The f-radiation from Ir} 92 is usually con- 
sidered to be first forbidden, which would require even parity for this level. But 
the comparatively low log ft-value of 7.3 could mean that the B-radiation is 
allowed, and that the parity is odd. It is accordingly a matter of great interest 
to determine the multipole order of the 1065 keV gamma radiation. 

A summary of the correlations measured and the spin results is given in Table IV. 


Table IV 


Spins as determined by angular correlation measurements of gamma-gamma 
cascades in pt92, 


_— Taylor and Baggerly et al. Kelly and Shiel et al. Mraz Kawamura Present 
keV Pringle 1955 1955 Wiedenbeck 1956 1957 1957 et al. 1958 investigation 
Corr. Spin Corr. | Spin | Corr. Spin Corr. | Spin} Corr, Spin} Corr. | Spin | Corr. {Spin 
184,5 | 468-316 |3 (4) 468-316 | 4 | 468-316 3 (4) | 468-316) 4 468-316 | 4 468-316) 4 
920.8 | 300-300 | 4 3,4 | 300-300 |(2,3,4,5) | 600-300} 3 | 300-300} 4 | 300-300] 3 300-300) 3 
600-300 600-300 
1201 588-613 | 4 | 588-613 |(2,3,4,5) | 588-613} 3 600-300} 4 
588-613 
885-316 
1381 1065-316 | 3, 4 


VIBRATIONAL AND ROTATIONAL LEVELS 


Today, it is generally considered that the ground state, the 316 keV level and 
the 784 keV level, which are 0+, 2+ and 4* levels respectively, form a rotational 
band (K = 0). The ratio of the energies of these levels is 2.5. Since prl92 is 
considered to be almost spherical, this is as expected much less than the value 10/3 
which would apply to strongly deformed nuclei. Further, it is believed that the 
613 keV level is a gamma vibrational level, with the quantum number K = 2. In 
this part of the periodic system, the energy of this level is abnormally low. It is 
seldom that this energy is lower than that of the level 4+, K = 0, but this excep- 
tional fact also exists in Os!92, For spherical nuclei, the cross-over transition from 
the 2+, K = 2, level to the ground state is forbidden, from which we may expect 
that it is weak. According to Baggerly et al. [3], the relative gamma intensities 
for 613 keV and 296 keV radiation are 8.4 and 36 respectively, when the intensity 
for 316 keV radiation is assumed to be 100. Nevertheless, it is not the intensities, 
but the reduced gamma transition probabilities which we shall compare. For the 
E2 rays in question here, according to experiment: 

B (613) /295.9\° 8. 
B (296) - (255) Veg 


36 
while the theoretical value (without cross-over forbiddenness) is 


B (613) (222 - 2/00)? 
B (296) (222 2/20)* 


We thus observe that the selection rule applies very effectively, which not only 
supports 2+, K = 2 for the 613 keV level, but also the assumption that the pri92 
nucleus is almost spherical. 
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The selection rule for M1 radiation from the second to the first 2+ level also 
suggests that the 613 keV level is a vibrational level, and that the pr!92 nucleus 
is almost spherical. M1 radiation is forbidden for spherical nuclei, and here it is 
only about 1 %, 

There are good reasons for assuming that the 613 keV, 921 keV and 1201 keV 
levels form a vibration-rotational band, with K = 2: 

1. These levels have the spins 2+, 3* and 4+ respectively. 
2. There is reason to believe that for the first two members of a rotational band, 
and for the ground-state band (K = 0), the energy is 
h2 
Ex,1 © Ex (i+1), 


and that the moment of inertia J is about the same in all these cases. We then 
obtain 


which provides substantial support for at least the 921 keV level belonging to the 
gamma-vibrational band, as 308.4/316.5 1. An extra measure of support is 
that in this region of the periodic system the relation concerned is ~& 1. 
Support for the 1201 keV level also being in the gamma-vibrational band is 
1201 - 613 
that “ec 6:3 = 1.91. The corresponding relation for the closely related nucleus 
0,190 
76“5114 (see reference [1] for A = 190 and Sheline [18] where the gamma- 
vibrational band with K = 2) is 


154 - 557 

3. A support for 921 keV representing a collective condition is that the 308 keV 
radiation is almost pure E2 radiation, despite the spin difference between the levels 
being 1. 

4. If the 613 keV, 921 keV and 1201 keV levels belong to the same rotational 
band, then the reduced transition probabilities should be related by 


B (282)  (4220/32)2 
= 0) = 2.24 
B (588) (4220 |22) 


For 588 keV radiation, Baggerly et al. obtained the relative intensity of 7.1. 
Unfortunately, there has been no measurement of the intensity of the weak 282, 
keV radiation from the 1201 keV level to the 921 keV level. If we call this rela- 
tive intensity x, then according to theory 


x 5 
— =(——) - 2,0 
588. 4 


under the assumption that the 588 keV and the 282 keV rays are E2 radiations, 
which the former is, and the latter should be if these levels form a rotational 
band. We obtain x = 0.40. This should be of the correct order of magnitude, as 
the 282 keV gamma radiation is distinguishable, although weak. One can hardly 
expect any major agreement, since the Pt!92 nucleus is only slightly deformed. 

5. When a study is made of the decay scheme of pri 92 [1], it can be seen that 
the gamma rays from the 1358 keV level go to the 1201 keV, 921 keV and 613 
keV levels, and to no order levels apart from the ground state, but this transition 
to the ground state was not found by Baggerly et al. [3]. This much reminds 
one of the gamma rays which, from the 1161 keV level in 03190, proceed only 
to the members of the gamma vibrational band with K = 2 (ny =1, ng = 0). 
Here again, these levels are three in number, with 2+, 3+, 4* and energies of 
557 keV, 754 keV and 956 keV respectively. Sheline [18] considered that this 
depended on the 1161 keV level also being a quadrupole one, but with n,, = 2, 
ng = 0, K = 4, and the spin 4+. According to this, the 1358 keV level in Pt192 
should have spin 4+. The energy relation for the two quadrupole levels with dif- 
ferent phonon-numbers is ®& 2.2 at the beginning of the spherical region, according 
to Sheline [18]. As expected, this ratio is 1358/613 = 2. 2 for Pt!92, and 1161/557 
= 2.1 for Os190, From reference [1] for Ptl92, it is supposed that the 1358 keV 
level is fed through electronic capture from the ground state of Aul92, whose spin 
of 1” is possibly uncertain. According toBaggerly et al. [3], it arises directly 
through -radiation of ir!92, 

For the 1381 keV level, we obtained a spin of 3 or 4, and as has been men- 
tioned earlier, the parity must be considered uncertain. Furthermore, this level 
cannot have spin 4+ because the 1065 keV radiation can hardly consist of 6.1% 
E2 and 93.9% M3. Accordingly the 1381 keV level has 3*, 3” or 4”. There is 
much to indicate negative parity. Intrinsic levels with such low energies are un- 
usual for even-even nuclei in this region, and collective levels with 3+ or 4* are 
difficult to imagine here, especially if the 1358 keV level has 4*, On the other 
hand, nearly related nuclei have collective levels with odd parity between 1 and 
2 MeV. Os!90 has an octupole band with 2, 3°, 4° for energies of 1384 keV, 
1568 keV, 1679 keV respectively. One can then conceive that the 1381 keV level 
in Pt!92 has 37, and corresponds to 1568 keV level in 03190, while the 1156 keV 
level in prl92 possibly has 2” and corresponds to the 1384 keV level in 03190, 

Substantial support for the 1381 keV level having 3” is that our measurements 
of the 1065-316 keV correlation provide the natural possibility 


37 (99.9% El + 0.1% M2)2+(E2)0+ 
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